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Abstract 
In today’s module production the interconnection of the solar cells is done by leaded soldering. Electrically 
conductive adhesives are a promising alternative to standard soldering as they are lead-free and enable a gentle 
interconnection[1]. The low-stress interconnection is required for recent cell improvements such as finer contact 
structures, fragile cells and cells with all contacts on the rear side. We investigate three different types of electrically 
conductive adhesives on a standard industrial solar cell: an epoxy-based one-component adhesive, an acrylate-based 
snap-curable adhesive and an anisotropic epoxy-based adhesive. A tin-silver solder serves as a lead-free reference 
interconnection. Our analysis includes the processability, the adhesion to the cell metallization, the contact resistance, 
the property changes after heat treatment and the performance of mini-modules. We find the epoxy-based adhesives 
to exhibit a low adhesion of 0.25 N/mm. The conductivity of the adhesives is lower than for the lead-free solder 
reference. In aging at 130°C under nitrogen atmosphere the adhesion of the acrylate adhesive increases which may 
result from post curing or embrittlement. With our processing parameters the anisotropic adhesive suffers from 
unsuitably high contact resistance due to a high processed thickness while the epoxy-based one-component adhesive 
provides sufficient conductivity. 
 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of the scientific 
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1. Introduction 
Foreseeable legislative regulations and recent cell improvements require a change of the standard 
soldering interconnection technique.  The regulations concern the use of lead in solar modules. The 
current cell improvements involve finer contact structures, more fragile cells and back-contact cells. Their 
success is highly dependent on a soft interconnection technique. The stress that is created during the 
interconnection process originates from the CTE-mismatch between silicon and the copper ribbon in 
combination with the processing temperature and the mechanical rigidity of the solder. The stress of an 
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interconnection with electrically conductive adhesives is much lower because of the lower processing 
temperatures and a significantly lower stiffness. 
We investigate the technical performance of three conductive adhesives and a tin-silver solder as a 
reference (soldering temperature 220°C). The tests are conducted on a standard industrial solar cell 
(Bosch M2BB) with 2 mm wide silver busbars on the front side and 4.5 mm wide silver busbars on the 
back side. All three adhesives are one-component systems so that elaborate blending is avoided but 
storage at temperatures of -40°C is required. The properties are listed in Tab.I. 
Table 1. Properties of conductive adhesives under investigation. 
 
Electrically conductive adhesive A B C Sn96,5Ag3,5-solder 
Polymer matrix Epoxy Acrylate Epoxy  
(An-)Isotropy isotropic isotropic anisotropic  
Curing/Soldering  
temperature 150°C 150°C 170°C 220°C 
Optimal curing times 10 min 1 min 8 sec  
 
2. Experimental 
2.1. Processing of conductive adhesives 
In a first step we identify optimal processing conditions of the adhesives with respect to adhesion 
properties. We therefore use a stencil with rectangular 2 x 10 mm holes and a dispensing unit. The SnAg-
coated copper ribbon is pressed with 0.1 MPa onto the cell during curing. The curing times are varied 
between 1 min and 30 min for adhesives A and B. For adhesive C, we take 8 sec and 30 sec. The times 
with highest adhesion forces in a 90° peel test are given in Table I while the forces are depicted in Figure 
1. We find adhesives A and B to bleed around the joints which has also been reported for adhesives on 
solar cells in [2, 3, 4]. 
 
Fig. 1. Initial peel forces for conductive adhesives A, B, C and the lead-free solder reference. The corresponding curing times are 
given in Tab.1 
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Fig. 2. Contact resistances of adhesives A, B, C and lead-free solder reference determined from TLM measurements 
2.2. Contact resistance 
The contact resistance is measured by TLM. Ribbons are bonded to the front busbar with 2 x 2 mm2 
large contact points. For adhesive A the contact resistance is around 2.7 mΩ, for adhesive B 
approximately 47.2 mΩ and for adhesive C 1311.2 mΩ is measured (Fig.2). Figure 3 shows that the 
thicknesses of the different adhesives are quite different. Especially the thickness of adhesive C is very 
high which could explain the high contact resistance. 
 
 
Fig. 3. Thickness and conductive particle distribution in conductive adhesives A, B and C. The epoxy and acrylate materials appear 
in black 
Another reason could be the geometric shape of the adhesive joints. We use X-ray analyses to inspect the 
homogeneity of the adhesive joints. Unlike in solders we do not see any voids in the adhesive layers. 
However, the reason for the large variation in the contact resistances measured by TLM most likely 
results from the different thicknesses as shown in Fig.3. 
 
 
Fig. 4. Peel forces from a 90° peel test after heat storage 
2,7
47,2
1311,2
1,31
10
100
1000
10000
A B C reference
R c
[m
O
hm
]
0
1
2
0 10 20 30
ad
he
si
on
 fo
rc
e 
[N
/m
m
]
period of heat storage t [h]
A front side
A rear side
B front side
B rear side
C front side
C rear side
reference front side
reference rear side
 U. Eitner et al. /  Energy Procedia  27 ( 2012 )  676 – 679 679
2.3. Aging 
The aging of the joints is tested by storing the interconnected samples at 130°C under nitrogen 
atmosphere. The changes in adhesion over the period of aging are shown in Fig.4. The failure mode is 
cohesive fracture. The shape of the filler particles is found to be different for the adhesives. In adhesive A 
the silver particles are rod-shaped while for adhesive B the particles are spherical. The metallographic 
analysis of adhesive C reveals that the density of the filler particles is too low for a good conduction [5] 
when using our processing parameters. Furthermore the thickness of the adhesive layer of 50 μm is far 
above the desired thickness of 10 to 15 μm as achieved for adhesives A and B. 
 
2.4. One-cell-modules 
After lamination the one-cell-modules no longer exhibit the bleeding around the joints. The softness of 
the interconnection process with conductive adhesives is confirmed by electroluminescence. No cracks 
are found after interconnection. The module series resistance is measured by illuminated and dark I-V-
curves. Adhesive A (3.38 Ωcm2) and B (3.41 Ωcm2) exhibit higher values than the tin-silver solder 
reference (2.57 Ωcm2). The anisotropic adhesive C underperforms with a series resistance of 4.5 Ωcm2. 
3. Conclusion 
Our investigation shows that a high filler content is necessary in order to reach a sufficiently high 
conductivity (adhesive A). However, in our comparison of three different adhesives a higher filler content 
also implies low adhesion. We find the processing conditions to be essential for the conductivity as it 
depends on the thickness and size of the glue dot. Acrylate adhesive B with a lower filler content shows 
an embrittlement during 25 h temperature storage while epoxies A and C maintain their low adhesion 
forces of 0.25 N/mm. The metallographic investigations reveal that the filler particles accumulate during 
aging at 130°C (A and B). The lead-free solder shows higher conductivities than all three adhesives. For 
industrial interconnection with conductive adhesives precise dosing systems and automation equipment is 
necessary to assure stable processing of low adhesive volumes. We expect the use of conductive 
adhesives for module manufacturing to be most efficient where lead free solders do not come into 
consideration due to their high soldering temperature, where low stress interconnection is essential and 
where a cell design is not compatible with soldering for interconnection. 
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